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Abstract: [Objective] This study explored the characteristics, network complexity and
stability of the bacterial community harboring the alkaline phosphatase gene (phoD) and the
phosphatase activity in rhizosphere and bulk soils under long-term gradient phosphorus (P)
fertilization, aiming to reveal the microbial mechanism of P fertilization and rhizosphere effect
in regulating soil organic P mineralization. [Methods] The calcareous soil of wheat-maize
rotation system with long-term gradient P application in North China Plain was selected for the
rhizobox experiments. We designed three P fertilization levels: 0, 50, and 200 kg P/hm? (PO,
P50, and P200, respectively). The rhizosphere and bulk soils were collected 30 days after the
sowing of maize seeds. High-throughput sequencing was carried out to analyze the
phoD-harboring bacterial community, which helped reveal the effects of P gradient fertilization
and rhizosphere effect on the community and network characteristics of phoD-harboring
bacteria and their relationship with phosphatase activity. [Results] With the increase in P
application, available P (AP) and alkaline phosphatase (ALP) activity increased significantly,
which were significantly positively correlated with each other. Under PO and P200 treatments,
the abundance of phoD in the rhizosphere soil was significantly higher than that in the bulk
soil. Under P50 treatment, the alpha diversity of the phoD-harboring bacterial community in
the rhizosphere soil was significantly higher than that in the bulk soil. The redundancy analysis
(RDA) showed that AP, organic P (Po), and total P (Pt) were the main factors affecting the
phoD-harboring bacterial community. Compared with PO treatment, P50 and P200 reduced the
total nodes and edges and increased the robustness of the bacterial network in rhizosphere soil,
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while they increased the total nodes and edges and decreased the robustness of the bacterial
network in the bulk soil. The Mantel test showed that the dominant taxa of phoD-harboring
bacteria were significantly correlated with AP, acid phosphatase (ACP), cohesion, and network
robustness in rhizosphere soil, while the correlations were not significant in the bulk soil.
[Conclusion] P gradient fertilization and rhizosphere effect co-affected the abundance of
phoD, alpha diversity, community structure, dominant taxa, network complexity, and stability
of phoD-harboring bacteria, which further affected phosphatase activity and consequently
regulated the mineralization of organic P.

Keywords: phosphorus fertilizer; rhizosphere; phoD; network characteristics; community stability
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Wil R 3G 0, AP RN Pt 5 B E N
A, Po ARG WEIG A TN phft
WA, el s A, SOC TEAR[R#%
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H ALP 535 TARPR H3E( 1A). ACP 1E A
BEACE TS, PR3 ACP TEH:
T AR E 1B),

Soil properties under different P fertilization rates

Soil type P level SOC (g/kg) TN (mg/kg) AP (mg/kg) Po (mg/kg) Pt (mg/kg)

Rhizosphere soil PO 9.94+1.46a 0.97+0.01b 1.75+0.96¢ 131.99434.15ab 531.58+20.66¢
P50 9.61+0.46a 1.03+£0.02a 29.31+1.79b  71.21£13.75b 890.08+52.14b
P200 9.69+0.80a 1.05+0.02a 45.1942.83a  238.78+83.06a 1954.42+331.87a

Bulk soil PO 9.34+0.49a 0.95+£0.01b 1.63+1.12¢ 138.21+31.20b 578.00+50.43¢
P50 9.85+0.69a 1.02+0.06a 29.164+2.01b 161.46+£12.93b 877.28+47.27b
P200 10.24+0.91a  1.05+0.03a 48.57+4.10a  227.01£15.25a 2052.97+81.98a

Values are means+SD of four replicates. Different lower case letters in the same column indicate significant differences
between samples (P<0.05). Abbreviations: PO, P50 and P200 represent 0, 50 and 200 kg P/hm?, respectively.

A 800 [ Rhizosphere soil [ Bulk soil
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E400r A% . a
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g
& 2001
@]
=

0
PO P50 P200

1 AE#KETRER. THEREMA), BRIEB)BERERE Y

Figure 1

Alkaline phosphatase (ALP) activity (A), acid phosphatase (ACP) activity (B) in rhizosphere and bulk

soils treated with different P fertilizations. Different lower case letters denote significantly different on P<0.05.
The asterisks in each fertilizer treatment indicate significant differences between rhizosphere and bulk soils at **
P<0.01 and * P<0.05. Abbreviations: P0, P50 and P200 represent 0, 50 and 200 kg P/hm?, respectively.
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Figure 2 phoD gene abundance (A), ASV number (B), Shannon index (C), and redundancy analysis of
phoD-harboring bacterial community and soil factors (D) in rhizosphere and bulk soils treated with different
P fertilizations. Different lower case letters denote significantly different on P<0.05. The asterisks in each
fertilizer treatment indicate significant differences between rhizosphere and bulk soils at **: P<(0.01 and *:
P<0.05. Abbreviations: P0, P50 and P200 represent 0, 50 and 200 kg P/hm?, respectively.
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Average path length: 5.06
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Figure 3 Co-occurrence networks of phoD-harboring bacterial communities between rhizosphere and bulk
soils under different P fertilization rates. Different colors indicate different modules. The node size is
weighted based on node degree. Edges represent significant Spearman correlations (|R[>0.65 and P<0.01).
The red and blue links represent negative and positive correlations, respectively. Abbreviations: PO, P50 and

P200 represent 0, 50 and 200 kg P/hm?, respectively.
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Figure 4 Positive/Negative cohesion (A) indexes and robustness (B) for different P fertilization rates
between rhizosphere and bulk soils. Different lower case letters denote significantly different on P<0.05. The
asterisks in each fertilizer treatment indicate significant differences between rhizosphere and bulk soils at ***:
P<0.001, **: P<0.01 and *: P<0.05. Abbreviations: PO, P50 and P200 represent 0, 50 and 200 kg P/hm’,

respectively.
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Figure 5 The relative abundance of phoD-harboring bacterial with different phosphorus fertilization rates
(A—F). Correlations of the dominant taxon of phoD-harboring bacteria with soil properties, phosphatase
activity, cohesion and robustness in rhizosphere (G) and bulk soils (H) under different P fertilization rates.
Edge width corresponds to the Mantel’s r value, and the edge colour denotes the statistical significance.
Pairwise correlations of these variables are shown with a colour gradient denoting Spearman’s correlation
coefficients. The asterisks in each fertilizer treatment indicate significant differences between rhizosphere and
bulk soils at ***_*: P<0.05; **: P<0.01; ***: P<0.001. Abbreviations: PO, P50 and P200 represent 0, 50 and

200 kg P/hm?, respectively.
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